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(54) Programmable power reduction circuit for programmable logic device

(57) According to the present invention, during pro-

gramming of a programmable logic device, program-

ming in formation corresponding to an input signal is

loaded into a shift register. This input information is

compared with programming information corresponding

to a second, complementary input signal to determine if

the two signals are used by the programmable logic

devica If the two inputs are not used, a bit is stored in a
memory cell indicating such nonusa An input buffer is

disabled when the bit in the memory cell indicates the

complementary signals corresponding to that input

buffer are not used.
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Description

The present invention relates generally to inte-

grated circuit devices and more specifically to program-

mable logic devices which are configurable by a user.

Programmable logic devices are becoming increas-

ingly popular in the electronics industry because of their

flexibility. These devices allow a user to configure a
standard part to perform a wide variety of standard logic

functions. Since a single standard device can be config-

ured many different ways, the total cost of using such a
device in a system can be significantly less than the

cost of custom design parts, especially when the prod-

uct volume is not large. If changes or update are

needed to the programmed logic function, some types

of devices can be reprogrammed.

Typically, a logic function for a programmable logic

device will not utilize all the input lines of the program-

mable logic device. These unutilized input lines are

termed "donl care" inputs because they do not have an

effect in the logic functions programmed in the program-

mable logic device.

As is known in the art, the components which

define a logic device as well as the device itself con-

sume power during operations of the device. The prob-

lem with the unutilized or "donl care" inputs is that the

components corresponding to those inputs consume
power during normal operation of the device, even

though the inputs are not used in the programmed logic

function. Consequently, the actual power needed by the

programmable logic device to perform its logic function

is unnecessarily increased by the components of the

unutilized inputs.

Thus a need exists for a mechanism which shuts off

power to the circuitry corresponding to an unused input,

thus lowering the power consumed by a programmable

logic device. Moreover, it is desirable that such a mech-
anism not adversely effect normal operation of the

device.

It is therefore an object of the present invention to

provide a method to determine if an input will be used in

a logic device.

ft is another object of the present invention to pro-

vide a method to disable an input buffer when an input

will not be used in a logic device.

It is another object of the present invention to disa-

ble an input buffer without adversely affecting normal

operation of the device.

Therefore, according to the present invention, dur-

ing programming of a programmable logic device, pro-

gramming information corresponding to an input signal

is loaded into a shift register. This input information is

compared with programming information corresponding

to a second, complementary input signal to determine if

the two signals are used by the programmable logic

device. If the two inputs are not used, a bit is stored in a
memory cell indicating such nonuse. An input buffer is

disabled when the bit in the memory cell indicates the

complementary signals corresponding to that input

buffer are not used.

The present application contains subject matter in

common with copending EP Application No 90314143.0

5 which is incorporated by reference hereirrto.

According to a first aspect of the present invention,

there is provided a circuit block for use in programmable

logic devices, comprising:

io a storage cell;

an input signal line; and

an input buffer connected to said storage cell and

said input signal line, wherein said input buffer is

disabled if said storage cell has a first value, and is

15 enabled if said storage cell has a second value, and

wherein said input buffer comprises a NAND gate

connected to said storage cell and said input signal

line, a first inverter connected to the output of said

NAND gate, and a second inverter connected to the

20 output of said first inverter, wherein the outputs of

the first and second inverters define true and com-

plement outputs of said input buffer.

According to a second aspect of the present inven-

ts tion, there is provided a circuit block for use in program-

mable logic devices, comprising:

a storage cell;

an input signal line; and

30 an input buffer connected to said storage cell and

said input signal line, wherein said input buffer is

disabled if said storage cell has a first value, and is

enabled if said storage cell has a second value, and

wherein said input buffer allows optional selection

35 of an input signal line or a feedback signal line to be

output therefrom, wherein the value in said storage

eel! enables or disables both the input signal line

and the feedback signal line.

40 According to one aspect of the present invention,

there is provided a programmable logic device compris-

ing:

a plurality of inputs;

45 a logic array, connected to said inputs, to define a

logic function thereof;

a storage element connected to each input for stor-

ing configuration information for selectively disa-

bling its associated input; and

so a plurality of outputs connected to said array.

Preferably, each storage element comprises a

memory element which can be written to during pro-

gramming of said device.

55 Each storage element may comprise an SRAM.
Each storage element may comprise a programma-

ble read only storage element.

Preferably, each input is connected to said array

through an input buffer, and wherein the associated
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storage element is set to enable or disable the input

buffer based on configuration information in said array.

According to a further aspect of the present inven-

tion, there is provided a circuit block for use in program-

mable logic device, comprising: 5

a programming buffer for holding programming data

to program a portion of the device;

a plurality of storage elements connected to said

programming buffer for storing a copy of data input 10

previously thereto; and

comparison circuitry connected to said program-

ming buffer and said storage elements for generat-

ing a signal indicative of a match between data in

said buffer and data in said plurality of storage ele- is

merits.

The programming buffer may comprise a serial shift

register.

Each storage element may comprise random 20

access memory which can be written to and read from

during programming of said device.

Preferably, said comparison circuitry comprises a
combination of logic gates.

Preferably, said storage elements store a copy of 25

data input for a row which was programmed immedi-

ately prior to the current row.

According to a further aspect of the present inven-

tion, there is provided a circuit block for use in program-

mable logic devices, comprising: 30

a storage cell;

an input signal line;

an input buffer connected to said storage cell and
said input signal line, wherein said input buffer is 35

disabled if said storage cell has a first value, and is

enabled if said storage cell has a second valua

Preferably, said storage ceil comprises a random
access memory cell. ao

The input buffer may comprise a NAND gate con-

nected to said storage cell and said input signal line, a
first inverter connected to the output of said NAND gate,

and a second inverter connected to the output of said

first inverter, wherein the outputs of the first and second 45

inverters define true and complement outputs of said

input buffer.

Preferably, said input buffer allows optional selec-

tion of an input signal line or a feedback signal line to be
output therefrom, wherein the value in said storage cell so

enables or disables both the input signal line and the

feedback signal line.

According to a further aspect of the present inven-

tion, there is provided a method for determining whether
an input to a programming logic device will be used in a ss

logic function, comprising the steps of:

loading programming data for a row corresponding

to the input into a programming buffer;

comparing the loaded data to data previously

loaded corresponding to a different row which is

complementary to the first row; and

rf the loaded data matches the row which is its com-
plement then generating a signal indicating that the

input will not be used.

Preferably, said comparing step comprises compar-
ing the loaded data to programming data used to pro-

gram a row immediately prior to the loaded data row.

The method may comprise the step of:

if an input will, not be used, disabling an input

buffer associated with such input.

According to a still further aspect of the present

invention, there is provided a method for disabling an
input buffer, comprising the steps of:

storing data into a memory element indicating

whether an input will be used; and
during operation of the device, if a memory element

corresponding to an input indicates that such input

will not be used, disabling an input buffer associ-

ated with such input.

The novel features believed characteristic of the

invention are set forth in the appended claims. The
invention itself however, as well as a preferred mode of

use, and further objects and advantages thereof, will

best be understood by reference to the following

detailed description of an illustrative embodiment when
read in conjunction with the accompanying drawings,

wherein:

Rgure 1 is a simplified block diagram of a program-

mable logic device according to the invention;

Figure 2 is a block diagram of a logic circuit for dis-

abling an input buffer according to the present

invention;

Rgure 3 is a block diagram of an alternative logic

circuit for disabling an input buffer according to the

present invention;

Rgure 4 is a simplified block diagram of compari-

son circuitry used to determine if an input and its

complement are unutilized; and

Rgure 5 is a block diagram of a logic circuit for

determining if an input and its complement are unu-

tilized.

Referring to Rgure 1 a portion of a programmable
logic device 11 is shown. Input pads 24, 26 are con-

nected to input buffer 20, 22 respectively. Each input

buffer 20, 22 provides a true signal line 14, 18 and a
complement signal line 12, 16. Only two input pads 24,

26 and input buffers 20. 22 are shown in Rgure 1, but

an actual device typically has a much larger number.
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If the AND/OR array 10 is constructed using

EPROM or EEPROM technology, the memory cell 28
should be an EPROM or EEPROM component as well.

Alternatively, if the AND/OR array 10 is an SRAM based
device, the memory cell 28 should be SRAM also. If 5

desired, the SRAM memory cell can have a battery

back-up, so that when the device is turned off the data

stored in the memory cell 10 will be saved. Co-pending

application Serial Number 502,572, which has been
incorporated by reference, describes the design and w
operation of a preferred design for an SRAM based pro-

grammable logic device.

The invention is described in terms of an automatic

method for determining whether an input signal is used,

and then enabling or disabling an input buffer based on is

the use or non-use of its corresponding signal line.

However, the enable/disable information could be pro-

grammed directly into the memory cell 28 when pro-

gramming the programmable logic device 11.

Furthermore, the invention is not limited to use with 20

logic devices containing AND/OR arrays. This invention

could be used with other types of logic devices.

While the invention has been particularly shown
and described with reference to a preferred embodi-

ment, it will be understood by those skilled in the art that 2s

various changes in form and detail may be made therein

without departing from the spirit and scope of the inven-

tion.

Claims 30

1. A circuit block for use in programmable logic

devices, comprising:

a storage cell; 35

an input signal line; and

an input buffer connected to said storage ceil

and said input signal line, wherein said input

buffer is disabled if said storage cell has a first

value, and is enabled if said storage cell has a 40

second value, and wherein said input buffer

comprises a NAND gate connected to said

storage cell and said input signal line, a first

inverter connected to the output of said NAND
gate, and a second inverter connected to the 45

output of said first inverter, wherein the outputs

of the first and second inverters define true and

complement outputs of said input buffer.

2. A circuit block for use in programmable logic so

devices, comprising:

a storage cell;

an input signal line; and

an input buffer connected to said storage cell ss

and said input signal line, wherein said input

buffer is disabled if said storage cell has a first

value, and is enabled if said storage ceil has a
second value, and wherein said input buffer

allows optional selection of an input signal line

or a feedback signal line to be output there-

from, wherein the value in said storage cell

enables or disables both the input signal line

and the feedback signal line.

3. A circuit block for use in programmable logic

devices, as claimed in claim 1 or 2, said circuit block

further comprising:

a programming buffer for holding programming

data to program a portion of the device;

a plurality of storage elements connected to

said programming buffer for storing a copy of

data input previously thereto; and

comparison circuitry connected to said pro-

gramming buffer and said storage elements for

generating a signal indicative of a match
between data in said programming buffer and
data in said plurality of storage elements.

4. A circuit block as claimed in claim 3, comprising

means for storing configuration information in the

storage cell based upon the comparison signal.

5. The circuit block of claim 3 or 4, wherein said pro-

gramming buffer comprises a serial shift register.

6. The circuit block of claim 3, 4 or 5, wherein said

storage element comprises random access mem-
ory which can be written to and read from during

programming of said device.

7. The circuit block of any of claims 3 to 6, wherein

said comparison circuitry comprises a combination

of logic gates.

8. The circuit block of any of claims 3 to 7. wherein

said storage elements store a copy of data input for

a row which was programmed immediately prior to

the current row.

9. The circuit block of any preceding claim 8, wherein

said storage cell comprises a memory element

which can be written to during programming of said

device.

10. The circuit block of any preceding claim, wherein

said storage cell comprises a SRAM.

11. The circuit block of any one of claims 1 to 8,

wherein said storage cell comprises a programma-
ble read only storage element.

1 2. A programmable logic device comprising:

a plurality of circuit blocks as claimed in any

one of claims 1 to 11;

5
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a logic array, connected to said input signal

lines, to define a logic function thereof; and

a plurality of outputs connected to said array.

13. The programmable logic device of claim 12, s

wherein said storage elements store a copy of data

input for a row which was programmed immediately

prior to the current row.

14. A device as claimed in any of claims 11 to 13, 10

wherein the comparison circuitry is arranged to

compare the addresses of the data in the program-

ming buffer and the memory elements and to com-
pare the data stored in the programming buffer with

the data stored in the memory elements, wherein if is

the addresses are complements of each other and
the data is identical, a comparison signal indicating

that the input is not used is generated.

15. A method for disabling an input buffer, comprising 20

the steps of:

storing data into a memory element indicating

whether an input will be used; and
during operation of the device, if a memory ele- 25

ment corresponding to an input indicates that

such input will not be used, disabling an input

buffer associated with such input.

30

35

40

45

50

55

6



EP 0 735 685 A2

32 J
6

,40

FIG. 1

FIG. 4

10 82 84 86

74

S
MATCH

—MATCH
S
74

2
? ft 70

rh I DISABLE
72

24- 14^

76
J

-12

7



(19) J
(12)

(88) Date of publication A3:

13.11.1996 Bulletin 1996/46

(43) Date of publication A2:

02.10.1996 Bulletin 1996/40

(21) Application number: 96109371.3

(22) Date of filing: 23.05.1991

Europalsches Patentamt

European Patent Office

Offfee europeen des brevets (11) EP 0 735 685 A3

EUROPEAN PATENT APPLICATION

(51) Intel.6 : H03K 19/00, H03K 19/177

(84) Designated Contracting States:

DE FR GB IT

(30) Priority: 29.06.1990 US 545921

(62) Application number of the earlier application in

accordance with Art. 76 EPC: 91304675.1

(71) Applicant: SGS^THOMSON
MICROELECTRONICS, INC.

Carrolfton Texas 75006 (US)

(72) Inventor: Steele, Randy C.

Southlake, Texas 76092 (US)

(74) Representative: Palmer, Roger et al

PAGE, WHITE & FARRER
54 Doughty Street

London WC1N2LS(GB)

CO
<
in
CO
CD
in
to
i^

(54) Programmable power reduction circuit for programmable logic device

(57) According to the present invention, during pro-

gramming of a programmable logic device, program-

ming in formation corresponding to an input signal is

loaded into a shift register. This input information is

compared with programming information corresponding

to a second, complementary input signal to determine if

the two signals are used by the programmable logic

device. If the two inputs are not used, a bit is stored in a
memory cell indicating such nonuse. An input buffer is

disabled when the bit in the memory cell indicates the

complementary signals conesponding to that input

buffer are not used.
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